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ATMOSPHERE PROTECTION IN CASE OF EMERGENCY DURING
TRANSPORTATION OF DANGEROUS CARGO

Purpose. The paper highlights the development of numerical models for prediction of atmospheric pollution in
case of burning of the solid rocket propellant in a railway car, situated near the building on railway territory. These
models can be used in predicting the effectiveness of neutralization upon the atmosphere protection for this type of
accidents. Methodology. To solve this problem the numerical models based on the use of Navier-Stokes equations,
to determine the velocity field of the wind flow near cars and buildings, and contaminants-transfer equations in the
atmosphere were developed. For the numerical integration of pollutant transport equation was used implicit «change
— triangle» difference scheme. When constructing a difference scheme physical and geometric cleavage of the trans-
fer equation is carried out in four steps. Unknown value of pollutant concentration at each step of cleavage is deter-
mined by the explicit scheme — the method of «point-to-point computation». For the numerical integration of the
Navier-Stokes equations are used implicit difference schemes. When carrying out computing experiment also takes
into account: the velocity profile of wind flow; interaction between the building and the wind flow and flame jet of
solid rocket propellant; the presence of a railroad car; inside which there is a source of pollution; instability of pol-
lutant emissions. On the basis of constructed numerical models was performed the computer experiment for assess-
ing the level of air pollution at dangerous cargo rail transportation in case of emergency at railway territory.The ap-
plication calculations for the timely combustion products neutralization of solid rocket propellant were carried out.
Findings. The numerical models that let promptly calculate air contamination in case of emergency during solid
rocket propellant transportation, as well as calculate the rational parameters of pollutant neutralization process were
developed by the researcher. These models can be used for routine calculations of various accident scenarios simula-
tion. Originality. Numerical models were developed; they take into account significant factors, influencing the pol-
lutant dispersion process in the atmosphere. On their base a pollutant neutralization method was offered in emer-
gency situations on the railway transport. Practical value. Efficient numerical models, so called «diagnostic mod-
els» were considered for the rapid calculation of the air pollution level and air protection technology in emergency
situations, in particular, in the case of railway transportation the solid rocket propellant.
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Introduction

Accidents during transportation of toxic chemi-
cals, for example, solid rocket propellant (Fig.1)
can intensively impact on the environment [2-4, 9].

In the case of this propellant burning the great
amount of toxic chemicals are dispersed in atmos-
phere. So it is important to predict the atmosphere
pollution in the case of the possible accident and
develop methods to protect atmosphere from pollu-
tion (Fig. 2) [1, 11].

That is why the prediction of the atmosphere
pollution in the case of the mighty emissions dur- Fig. 1. Transport of solid rocket propellant
ing transportation is of great interest. in a railway wagon
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Fig. 2. General view of settlement areas:
1 — building on the territory
of station «Pavlohrad-1», 2 — train

Nowadays to predict the dimensions of the hit-
ting area in the case of outdoor toxic chemical re-
lease the special standard model is used in Ukraine
[10]. This model is formed on the basis of some
empirical models and it has a lot of lacks and is,
without doubt, unrealistic. The model does not take
into account the influence of the wind velocity and
the atmosphere diffusion on the concentration dis-
persion in the atmosphere. The main lack of this
model is that the standard model cannot calculate
the change of toxic chemical concentration in the
atmosphere after the accident. In some cases Gauss
model is used to predict atmosphere pollution level
[5-7, 13]. It is very important to develop CFD
(Computational Fluid Dynamics) models to solve
the problem discussed [1, 8, 14, 15].

Purpose

The purpose of this work is the development of
the numerical model to predict the atmosphere pol-
lution in micro scale level in the case of solid pro-
pellant burning which also can be used to predict
the effectiveness of neutralization for atmosphere
protection for this type of accident.

Methodology

When the solid propellant burns different toxic
chemicals are emitted in the atmosphere. To com-
pute the toxic chemical (product of propellant
burning) dispersion the Navier-Stokes equations
and equation of mass transfer are used [14]:
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This model is used to predict the air pollution
near railway car with solid rocket propellant
(Fig.2).

To simulate the process of toxic chemical dis-
persion in the atmosphere (for the distance about
300m) the 2-D transport equation is used [8, 14]:
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where C — is the concentration of toxic chemical;
u, v — are the velocity components in x, y direction
respectively; p= ( K., uy) — are the coefficients of

turbulent diffusion in x, y direction respectively; ¢
— is the parameter taking into account the process
of toxic gas decay or rain wash out; x;,y, — are the
coordinates of point source of emission; O, (1) — is
the intensity of  pollutant emission;
8(x—x,)8(y—y,;) —is Dirac delta-function.

The boundary conditions for the governing
equations are discussed in [14].

In the developed numerical model, the follow-

ing profile of velocity component u and coefficient
of diffusion is used [5, 6]:

p m
”:ul[l] ,uy=kl[lj s My =hou
N N

where u, — is the velocity at heighty,; k, =0,2;
ky=0,1;p=0,16; m=1.

Numerical integration. To solve the governing
equations the implicit difference schemes were

used [14, 15]. These are so called «change — trian-
gle» difference schemes.
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Findings

To minimize the extent of contamination and
the risk of toxic defeat people in case of emer-
gency during transportation of solid rocket propel-
lant it is proposed technology, aimed at localiza-
tion of the source of emission of products of com-
bustion solid rocket propellant. It is proposed to
include in the train which transports solid rocket
propellant, the car with the pump unit and tank
with a stock of neutralizing solution. It is also pro-
posed to include a buffer car between the rail car
where solid propellant is transported and the car
with the pump unit. This buffer truck will serve as
a «screen» for the protection of the car with the
pump unit from heat radiation of the combustion
solid rocket propellant. With this technology, was
organized rapid feed of neutralizing solution into
the plume of combustion products and thereby
minimizing time the free flow of products of com-
bustion solid rocket propellant in the atmosphere.
In addition, unlike the traditional scheme of feed-
ing catalyst in the form of streams offered feed
through the sprinkler, which is posted on pull-rod
(Fig.3). This is because the temperature of the
combustion solid rocket propellant in the atmos-
phere is high and if you use a traditional presenta-
tion in the form of a jet, there will be rapid evapo-
ration of droplets of reagent on the path of its
movement from the installation to the jet plume.

Fig. 3. Sketch of toxic chemical neutralization:
1 — vessel with the reagent, 2 — pipeline, 3 — pump,
4 — pop-arrow, 5 — buffer car, 6 — sprinkler

Problem setting— to evaluate the effectiveness
of the process of neutralization of various
intensities of reagent feed and placement of the
sprinkler to the source of emission of hazardous
substances.

The calculation is performed for the following
tasks:

Scenario 1 — no neutralization;

Scenario 2 — supply of reagent is performed at
a height of 13,5m and at a distance of 20 m from
the source of emission. This distance is constant in
all scenarios, catalyst feed rate of 1 kg/s;

Scenario 3 — the reagent feed is done at the
height of 13,5m, catalyst feed rate of 8 kg/s.
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Fig. 4. Concentration contours of HCI
(no reagent supply, t = 120 sec):
1 — car with solid rocket propellant,
2 — building near railway station

On the base of the developed numerical models
the special codes were developed. Some results of
their application are shown in Fig.4-6.

The subsequent figures illustrate the area of
atmospheric pollution in the case of the options
considered. The first figure (Fig. 4) corresponds to
the situation when there is no flow of reagent and
compares the efficiency of neutralization for each
option, comparing to the area of contamination
with this picture.
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Fig. 5. Concentration contours of HCI (reagent supply, t
=120 sec, Scenario 2: the height of the feed catalyst
13,5 m, flow rate 1 kg/s):

1 — sprinkler; 2 — building
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Fig. 6. Concentration contours of HC/ (reagent supply, t
=120 sec, Scenario 3: the height of the feed catalyst
13,5 m, flow rate 8 kg/s):

1 — sprinkler; 2 — building

Results of neutralization effectiveness are
shown in Tabl.1, 2.

Table 1
The efficiency of neutralization (scenario 2)
t 45 cex 75 cex 120 cex
The efﬁc.len(.:y of 6.8% 8.2% 8.9%
neutralization
Table 2

The efficiency of neutralization (scenario 3)

t 45 cex 75 cex 120 cex
The efficiency of | =550, | 450, 69%
neutralization

Results from Tabl.1, 2 show that the rate of re-
agent strongly influences the effectiveness of pro-
tection. Also it is clear from Fig.5, 6 that the height
of reagent supply is too high because the region
near the railway car and building is still in the
plume of toxic chemical.

Originality and practical value

A new numerical model to predict atmosphere
pollution and neutralization of toxic chemical after
accidents at railways was developed. The model is
based on the 2-D transport equation. The devel-
oped model takes into account wind profile, diffu-
sion, emission rate. This model allows evaluating

The article contains results of numerical simu-
lation of air pollution near «Pavlohrad-1» station
after the accident at railway. To simulate the proc-
ess of air pollution the 2-D developed numerical
model was used. The developed numerical model
takes into account the main physical processes
which influences the pollutant dispersion in atmos-
phere. The developed models allow simulating the
process of neutralization of toxic chemical in at-
mosphere. The future work in this field will be
connected with development of fluid dynamics
models to simulate the pollutant dispersion over
the complex terrain.
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SAIIUTA ATMOC®DEPHI B CIYHAE ABAPUHN
IIPU TPAHCIIOPTUPOBKE OITACHBIX I'PY30B

Hean. Paborta mocesimena pa3paboTKe UYUCIEHHBIX MOJeENeH il IPOTrHO3a 3arpsi3HEHUsl atMocQepsl IpH
TOPEHHH TBEPJOr0 PAaKETHOTO TOIUIMBA B JKEJIE3HOAOPOXKHOM BaroHe, paclojO)KEHHOM BOJM3M 3/1aHMS Ha
NPUMarucTpaIbHON  TeppuTtopud. JlaHHBIE MOIENM MOTyT OBITh HCIOJB30BaHBl IPH NPOTHO3MPOBAHUH
3¢ GEKTHBHOCTH HEHTpaNM3aliyl 10 3ammTe atMocdepsl s 3Toro Tuma aBapuil. Mertoauka. s pemeHus
MIOCTABJICHHOM 3aa4M pa3paboTaHbl YHCICHHBIE MO/, OCHOBaHHBIC Ha MpUMeHeHNH ypaBHeHui HaBbe-Crokca,
JUISL OTIPEETICHUSI TIOJIsI CKOPOCTH BETPOBOT'O IMOTOKA BOJIM3M BarOHOB M 3[aHHM, M YPaBHEHUH [IEPEHOCA IPUMECH B
atMoc(epe. [l YMCICHHOrO MHTETPUPOBAHUS yPaBHEHMs TPAHCIIOPTA 3arpsA3HUTENS HCIOJIb30BalacCh HESIBHAS
HOIIePEMEHHO-TPEYrolbHasl pa3HOCTHas cxeMa. [Ipu mocTpoeHnH pa3HOCTHOM CXeMBbI OCYIIECTBIAeTCS (PH3HIECKOe
U TEOMETPUYECKOe PACIICIUICHHEe ypaBHEHMs IepeHoca Ha 4eThlpe mara. HewsBecTHoe 3HaueHHE KOHIEHTpAIUH
3arpsi3HUTENST HA KaKIOM LIare pacllelUIeHHsl ONpenessieTcsl 1Mo SIBHOM cxeMe — MeTony «Oerymiero cueray. s
YHUCJIICHHOI'O HHTCTPHUPOBAHUSA ypaBHeHyu‘/i Haspe-Ctokca MMPUMECHAKOTCA HCABHBIC PAa3HOCTHBIC CXCMBbI. le/l
NPOBEJCHUH BBIYMCIUTEILHOTO HKCIIEPUMEHTA TaK)Ke YUHTHIBAIOTCS: NMPOQMIL CKOPOCTH BETPOBOTO IOTOKA;
B3aUMOJICIICTBAE BETPOBOr0 IOTOKA CO 3[aHHUEM M CTpyed NPOAYKTOB TOPEHUs] TBEPAOrO PAKETHOIO TOILIMBA;
HaJIM4YME KEJIE3HOJOPOKHOIO BaroHa, BHYTPU KOTOPOTO HAXOAUTCA HMCTOYHMK 3arpsi3HEHMS; HECTALlMOHAPHOCTb
SMHCCHH 3arpsi3HuTeNsl. Ha ocHOBE MOCTPOEHHBIX YMCICHHBIX MOJIENEH MPOBEICH BBIYUCIUTEIBHBIN SKCIIEPUMEHT
IO OIEHKE YPOBHS 3arpsi3HEHUS aTMoc(epbl NpH TPAHCIIOPTUPOBKE JKEIE3HOJOPOKHBIM TPAHCIIOPTOM OMACHOTO
Tpy3a B CiIyyae aBapuH Ha IPUMarucTpagbHON TeppuTOpuH. IIpoBeaeHBI pacueThl 0 MPUMEHEHHIO CBOEBPEMEHHOMN
HEeWTpanu3alyu MPOSyKTOB FOPEHHs TBEPAOTO PAKETHOTo TomimBa. PesdyawbTaThl. MccnenoBareneM pa3paboTaHbI
YHCIICHHbIE MOJEIIH, KOTOPbIE MO3BOJIAIOT ONEPATHBHO PACCUMTATH 3arpsA3HEHHe aTMoc(epsl B Cilydae aBapHu NpH
TPaHCIIOPTUPOBKE TBEPAOTO PAKETHOTO TOIUIMBA, & TAKXKE PALMOHAIBHBIE MAapaMeTPhl MPOLecca HEWTpaInu3alnuu
3arpsA3HUTECIIA. Ot MOJECJIM MOT'YT HUCIIOJIB30BAaTHCA IJIsd CepHﬂHbIX pacy€ToB MO MOJACIIUPOBAHHIO PaA3JIMYHBIX
CIICHApHEB aBapuiiHbIX curyanuii. Hayunass HoBu3Ha. Pa3paboTaHbl YMCIICHHBIC MOJICNHU, MO3BOJISIOIINE YUCCTh
CylIeCTBEHHbIE (DaKTOpbl, BIMAIOIIME Ha NPOLIECC pAcCEMBAaHUs 3arps3HSIONIMX BEIIECTB B arMocdepe
MW TpeIokeHa Ha HX 0a3ze MeToAWKa HEeHTpalnM3aluy 3arpsisHUTENs NIpPH Ype3BbYaWHBIX CUTyalusX Ha
JKeJle3HOIopokHOM TpaHcropte. IlpakTnyeckasi 3HaYMMOCTh. PaccMoTpeHb! 3QQEeKTUBHbBIE YHCIEHHBIE MOJIEIN
«diagnostic models» mis skcmpecc-pacueTa ypoBHSI 3arps3HEHUS aTMoc(epsl U pa3paboTaHa TEeXHOJIOTHS 3aIUTHI
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aTMocdepbl pYU aBapUHHBIX CHTYalUsAX, B YaCTHOCTH, B CIydae IEPEBO3KH KEJIE3HOJOPOKHBIM TPAaHCIOPTOM
TBEPJOTO PAKETHOTO TOILIHBA.

Kniouesvie cnosa: aBapum Ha KEIE3HOJOPONKHOM TPAHCIIOPTE; 3arps3HEHHE aTMoc(epsl; HEHTpamu3alus
3arpsI3HATEIT;, YUCICHHOE MOCIINPOBAHHE
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3AXUCT ATMOC®EPHU Y BUIIAJIKY ABAPII
ITPU TPAHCIIOPTYBAHHI HEBE3IIEYHUX BAHTAXKIB

Meta. PoGora npucBsiueHa po3poOlli YHCETbHUX MOJISINISH [yl IPOTHO3Y 3a0pyIHEHHs aTMOC(EpH MpH TOpPiHHI
TBEPZOT0 PaKeTHOro MajlvMBa B 3aJi3HUYHOMY BaroHi, po3TalloBaHOMY IoOJIM3y Oy[iBJIi Ha IpUMaricTpaibHii
tepuTopii. Jlani Moxeni MOXXyTh OyTH BUKOPHCTaHI IIPU IPOTHO3YBaHHI €(eKTHBHOCTI HEHTpaiizawii Mo 3aXUCTy
atMocepn g nporo tuiy asapiii. Merogmka. {11 po3B’s3aHHsS IOCTaBieHOi 3afadi po3poOseHi yucenbHi
MOJIeTI, 3aCHOBaHI Ha 3acTocyBaHHI piBHAHb Hap'e-CTokca, aiisi BU3HAYEHHS ITOJISI MIBHAKOCTI BITPOBOTO MOTOKY
moOnmM3y BaroHiB i OymiBenb, Ta pPIiBHAHHI MEpEeHOCY NOMIMKHA B arMocdepi. s ducenpHOTrO iHTETrpyBaHHS
PIBHSHHS TPaHCIOPTY 3a0pyIHIOBadYa BUKOPHCTOBYBAJlacs HESBHA IONEPEMIHHO-TPUKYTHA pi3HHUIeBa cxema. [lpu
moOyTOB1 PI3HUIIEBOI CXeMU 3MIHCHIOEThCA (Di3MUHE 1 TEOMETPUYHE PO3MICIUICHHS PIBHAHHS MEPEHOCY Ha YOTHPH
Kpoku. HeBiome 3Ha4eHHS KOHLIEHTpaIlii 3a0pyaHIOBaYa HAa KO)KHOMY KPOIIi PO3LICTIIICHHS BU3HAYAETHCS 32 SIBHOIO
CXEMOI0 — METOIy «OiKydoro paxyHKy». J[ins dncenmpHOTO iHTerpyBaHHs piBHAHb HaB'e-CTOKCa 3aCTOCOBYIOTBCS
HesiBHI pi3HMIEBI cxemu. [Ipu mpoBeneHHI OOYHMCITIOBAIBHOTO EKCIIEPUMEHTY TaK0X BPaxOBYIOThCS: MPodisb
IIBUJIKOCTI BITPOBOT'O MOTOKY; B3a€MO/Iisl BITPOBOTO MOTOKY 3 OY/IIBJICIO 1 CTPYMEHEM MPOYKTIB TOPIHHS TBEPIOTO
pPaKeTHOTO MaJMBa; HAsBHICTh 3ai3HUYHOIO BAaroHa, YCEpPEeIWHI SKOTO 3HAXOJMTBhCS JDPKEpeNio 3a0pyAHEHHS;
HecTallioHapHICTh emicii 3a0pynHioBaya. Ha OCHOBI MOOYyZOBaHMX 4YHCENIBHHX MOJENEH  MpOBEIEHO
00YNCITIOBAILHUN EKCIIEPUMEHT 13 OLHKM piBHA 3a0pyIHEHHs atMocdepd NpH TPaHCHOPTYBaHHI 3alli3HUYHUM
TPaHCIIOPTOM HEOE3NeYHOro BaHTaXy NpH aBapii Ha mpumaricrpanbHiii Tepurtopii. I[IpoBeneHo po3paxyHKH IO
3aCTOCYBaHHIO CBO€YACHOi HeWTpamizalii NPOAYKTIB TOPIHHSA TBEPAOr0 PpaKeTHOro NajiuBa. Pe3yabraTm.
JociimHuKOM po3poOIIeHO YHCeTbHI MOJENI, SIKi TO3BOJISIOTH OMEPATHBHO PO3paxyBaTH 3a0pyIHEHHS aTMOC(epH B
pasi aBapii Ipu TPaHCIIOPTYBaHHI TBEPIOTO PAKETHOTO MANMBA, a TAKOX pAIliOHANBHI MapaMmeTpHu HerTpaiizarii
3a0pyanoBaya. L{i Momeni MOXXyTh BHKOPHUCTOBYBATHCH [UISI CEPIMHHUX PO3PaXyHKIB PI3HOMAHITHUX CIICHApiiB
aBapiiHux cutyaniii. HaykoBa HoBHM3Ha. Po3po0ieHO 9mcenbHI MoOnenmi, M0 JO03BOJIAIOTH BPaxyBaTH ICTOTHI
(hakTOpH, IO BIUIMBAIOTH HA IPOLIEC PO3CIIOBAHHSA 3a0pyIHIOIOUMX PEYOBHH y aTMOcdepi Ta 3aIporoHOBaHa Ha iX
0a3i Meronuka HeWTpamizauii 3a0pyAHIOBaua MNpU HAA3BUYAWHHMX CHUTyallisiX Ha 3aJi3HUYHOMY TPaHCIOPTI.
IpakTnyna 3HaunMicTh. Posrisinyro edekruBHi uncenbHi Mozeni «diagnostic modelsy [uis ekcnpec-po3paxyHKy
piBHA 3a0pynHeHHs arMocepu Ta pPO3pOOJICHO TEXHOJIOTII0 3aXUCTy arMocdepd NpH aBapiiHUX CHUTYyalisX,
30KpeMa, Y pa3i epeBe3eHHs 3ali3HUYHUM TPAHCIIOPTOM TBEPAOT0 PAKETHOTO NajiBa.

Kiouosi cnosa: aBapii Ha 3aJIi3HUYHOMY TPAHCIIOPTI; 3a0pyIHEHHS aTMochepy; HeWTpasi3allis 3a0pyIHIOBaYa;
YHCENIbHE MOJCITIOBaHHS
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